INTRODUCTION
It is impossible to foretell the future and consequently, there is no intention to try to do so in this presentation. Yet, it makes little sense to talk about the potential of renewable energy sources without discussing future developments. What then can be the significance of any statements that will be made in this paper? In this connection it is useful to distinguish between various levels of certainty that can be attached to the occurrence of coming events: -The highest level of certainty can obviously be given to those future events which are based on physical laws and scientifically well established facts; e.g. efficiencies of equipment will never surpass the limits set by thermodynamics and the intensity of solar radiation can safely be taken to vary little for many centuries to come. Actually two groups of indirect RES can be distinguished: the three larger are biomass, hydropower and windenergy (and maybe in the future OTEC), for which such a role is conceivable, and the group of the small are wave-, tidal-, and geothermal energy, which are bound to remain of only local significance. It should be pointed out that the geophysical potentials given so far represent only the upper and still theoretical limits of the power that can be derived from each of the different RES. Factors such as uneven distribution (60% of the biomass grows in the tropical and subtropical forests), bad accessibility (windenergy at heights above 200 m), and low efficiencies in subsequent conversions (less than 3% for OTEC) invariably cause a substantial reduction in the power output that can actually be realised. For hydropower the reduction amounts to only one order of magnitude (1) but in mOSt other cases, a reduction within two orders of magnitude is a better first estimate.
It needs no comment that tidal-and geothermal energy do not have their origin in solar radiation. However, it may be useful to note that the utilization of the heat from underground bodies of hot water, as was considered in Spijkenisse near
Rotterdam, is not a RES because the heat is depleted in a short period, say 25 years, and is only very slowly replenished from the interior of the earth. The geothermal energy as a RES only refers to hot springs and similar phenomena occurring in areas of high volcanic activity. For the most important RES, light radiation, the consequences of the regional differences are rather more difficult to assess. A high population density usually goes with a high energy use density, but also with a lack of space for the accommodation of large solar collector arrays. Moreover, in the centers of larger cities the energy use density often surpasses the average density of the solar radiation, implying that the demand can not be met with the local radiation.
THE CONVERSION OF THE PRIMARY RENEWABLE ENERGY
A similar argument holds for the concentrated energy use in heavy industries.
In order to obtain some insight in these matters, Fig. 3 
ASSUMPTION FOR A CONSERVATION AND RENEWABLE ENERGY SOURCE MODEL FOR THE NETHERLANDS
As illustrated before, the Netherlands is one of the most unfavorable countries for renewable energy sources in the world. Moreover, it is surrounded by countries in which the RES situation is not substantially better, except maybe in France (see Fig. 3 ). The latter circumstance makes it significant to investigate the possibilities of RES for the Netherlands without any regional exchange, at least in first instance. Additionally, a Dutch RES model may procure valuable indications regarding the options for the surroundinq countries, Energy efficiency has to te an essential element in any energy plan for an industrialised country, if only because of increased energy prices. As a consequence, the starting points for the construction of the model is subdivided in two groups:
-starting points related to the future developments and improvements of the various solar energy conversion methods, and -starting points related to the long term effects of energy conservation.
In order to express these two aspects in the name of the model it will further be called a conditional or CRES model. As regards the efficiencies of solar energy conversion, the following six long term (75 years) assumptions are conservative.
1. Because of the required space, solar energy conversion Imethods with an efficiency below 108, such as energy plantations, are not applicable to a significant degree in densely populated areas like the Netherlands. Only waste materials can be excluded from this general rule.
2. The efficiency of low temperature photothermal conversion devices can be raised to 45%, as an annual average. As a consequence of improved heat storage methods the coverage of any specific demand can be raised from the present 50% to 75%, regardless of daily or seasonal fluctuations in the demand. Further, for reasons of orientation, town planning etc., only 80% of the dwellings and buildings can actually be provided with solar heating.
3. The research and development work on photovoltaic cells will have resulted in conversion efficiencies of 25% and in such storage methods for electricity that any specific demand can be covered for 50%, regardless of daily or seasonal fluctuations in the demand.
4. Some photochemical conversion methods with an efficiency of 15% will have been developed and the produced photochemical fuels can be stored so easily that any specific demand can be met for 100%.
The long term potential of windenergy for the Netherlands amounts to 2500 MW
and the real practical land use of wind turbines is virtually zero.
6. The utilization of bio-waste materials and other waste is well developed and supplies 5% of the present energy demand (15).
The general philosophy behind the assumptions on energy conservation is that any increase in energy use will have to be avoided and that all present energy waste will have to be converted into a decrease in energy use. This philosophy implies that any improvement in the material standard of living and any economic growth will have to be accompanied by higher efficiencies in energy use, longer lifetimes of capital goods, etc. Certainly the structure of industry will change considerably in the long run. However, these changes are so unpredictable that their influence on energy use has to be omitted. For similar reasons, any changes in the Population of the Netherlands are not considered, because no substantial increase is expected for the future. Based on this philosophy, and on various recent publications on energy conservation, the following six assumptions appear to be justifiable:
I. By means of thermal insulation, air-tight construction, high performance appliances etc., the heat demand for the built environment and services can be reduced to l/3 of its present value (15, 16).
2. Implementation of heat regeneration, coproduction of power and heat, utilization of waste heat, etc., will reduce the net industrial demand for low temperature heat (below 15O'C) by 50% (15).
3. The industrial power plus high temperature heat demand will be equal to the present one, a modest increase of the industrial activity remaining possible because of a higher industrial energy efficiency (15).
4. The industrial demand for fuels for non-energy use (e.g. as a raw material for the manufacture of plastics) will remain constant.
5. The efficiency of central power stations will, sometime in the next century, reach 50%, as compared to 40% at present. Moreover, half of the waste heat of the power stations will be utilized, preferably for district heating.
Further, the end use of electricity will have increased by 25% as the higher efficiency of electrical equipment and appliances will to the greater part be compensated for by a large increase in their number (in particular for information purposes).
6. The fuel needs for transport will remain substantially constant because improvements in efficiency and organisation will be annihilated by an increase in the capacity of the transport system.
Finally, a very crucial assumption has to be made regarding the space that will be available for the accommodation of solar installations. Solar collectors for heating purposes, which can be mounted on roofs, need not be taken into account here as they do not really require separate land area. Also, the energy production from waste does not require much land, because of its high production density. So the problem reduces to the accommodation of the photovoltaic and the photochemical installations and the photothermal installations in the industry.
No doubt an adequate energy supply is of fundamental importance for an industrialised society, and not less important than e.g., good transport facilities. On this ground, assume that a land area equal to the present land area of present roads can and will eventually be made available for the accommudation of these solar installations.
This amounts to 750 km* , or 2.3% of the land surface of the Netherlands, excluding rivers and the larger lakes.
THE CONDITIONAL OR CRES MODEL FOR THE NETHERLANDS
The conditional or CRES model for the Netherlands resulting from the foregoing assumptions is summarised in Fig. 6 . The first column in the table gives the fuel use for the various societal sectors in 1979 and the second column the corresponding primary energy supply after implementation of the conservation measures mentioned above, but completely based on fuel (fossil and/or nuclear).
In the third column the energy supply is split into "fuel" and "renewable" parts.
The corresponding land use is given in the last column. In the bottom part of the table the final results are given. In short, it appears that over the long term roughly half the Dutch energy supply may be derived from renewable energy sources, without an unduly large engagement of land area. As this is a surprisingly large fraction it may be useful to point out that this fraction still represents less than 1:; of the solar radiation energy. It is also useful to repeat that the figures are of an illustrative character; e.g., "roughly half" is equivalent to "between one third and two thirds". Consequently, the most optimistic estimate on the future investment for solar installations that can be made is Dfl. 300/m2 of collecting area (which may e.g., be the mirror area in concentrating devices). This brings the investment for the complete 870 km2 of collecting area, mentioned in Fig. 6 , to about Dfl. 260 billion as a minimum. Note that the costs for a windenergy system are not included in this estimate. The fuel flow displaced by the solar systems corresponds to a power of 22.2 GW (2x 2500 MW for the wind energy has to be excluded). From a technical point of view, a number of nuclear breeder power stations might -in the long term -equally well provide for this power. With a load factor of 50% and a unit investment of Dfl. 5000/kWe installed, such a park would require an investment of Dfl. 220 billion, which is not much below the investment in the solar systems. Three points should be kept in mind, however:
SOME ECONOMIC ASPECTS OF THE CONDITIONAL CRES MODEL
-both lower and higher costs are quoted for nuclear breeder power stations;
-the "fuel" of the solar system is free and indigenous, contrary to the nuclear fuel; and -the estimate for the solar systems is -as mentioned before -the most optimistic one that can be made. (Remark: low temperature waste heat can be gained from the nuclear power stations but, at least in principle, also from photovoltaic and photochemical conversion units).
exchange of energy between its members will be reliable, even in adverse conditions?
-To which extent are the members of the European Community really prepared to participate in the development of a common, integrated renewable energy supply system that can meet all sensible requirements of both environmental care and energy independence?
Only history will give the final answer to the last two questions, but the answer depends on the actions taken.
The first question requires careful further analysis, for the answer will largely determine the size of the independent energy supply system which will have to be created. As long as it is unknown whether this basic or emergency system will have to cover more than 25% of the normal future energy demand, it remains an open question which part of the 50% technical potential of the RES will actually have to be exploited.
REQUIRED GOVERNMENTAL AND INDUSTRIAL ACTIONS
Whatever the results of further and more detailed studies on the just mentioned issues may be, it is clear that, in the long term, RES are the only proved in- In the meantime everybody should be aware of the instability and the revolutionary character of the world energy supply situation. Surprises will be normal for many years to come.
CONCLUSIONS
From the analyses presented in this paper, the following conclusions can be drawn:
Provided that energy efficiency is pursued to its sensible limits, the technical potential of renewable energy sources sometime in the next century amounts to roughly half the future energy demand in the Netherlands. The related costs are high but not prohibitive.
Provided that a real European co-operation can be established, restricting the domestic production of renewable energy to roughly one quarter of the demand offers an economically better solution. The said production should be mainly directed toward the utilization of windenergy and of waste-biomass, and the production of heat at low and intermediate temperatures.
Real participation of the Dutch government and industry in European efforts in the fields of photovoltaic and photochemical conversion is a necessary condition for the establishment of the required European co-operation. This equally applies to the government and industries of other northern European countries.
Renewable energy sources constitute the only proven indigenous energy source for the free countries of Europe by the middle of the next century.
